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INTRODUCTION
The ultimate goal of root canal therapy is total obturation of the root canal system.
The most common obturation techniques utilize gutta-percha in conjunction with a cementing medium. However, sixty percent of failures in endodontic therapy may be due to inadequate sealing of the root canal system (1,2,3). Thus, over the years many different obturation techniques have been introduced in hopes of increasing the quality of the apical seal. While lateral condensation of gutta-percha is the most widely used method of obturating the root canal system (4), there is evidence indicating that the sealing ability of Thermafil Plus (Dentsply, Tulsa, Oklahoma) is significantly better for sealing curved canals and equal to lateral condensation for sealing canals with curvature less than twenty-five degrees (5, 6) . Advantages of the Thermafil Plus technique include its predictability, relative ease of use, conservative preparation, and controlled placement of materials. The primary disadvantage is that heated gutta-percha tends to contract as it cools.
Numerous studies have clearly demonstrated that when sealer is used with any obturation technique the apical seal is improved significantly (9, 12, 13, 14) . The root canal sealer is used to fill any irregularities or minor discrepancies between the guttapercha filling material and the canal walls. The sealer also acts as a lubricant when placing gutta-percha and may fill any accessory canals or multiple foramina. A wide variety of endodontic sealer cements is available to the profession. Currently, none of the commercially available sealers possess all of the properties required to be considered an ideal root canal sealer (42) . Therefore, dentistry must continue with research and development of new sealers until the perfect sealer is found. 
REVIEW OF LITERATURE
The primary objective of root canal therapy is complete obturation of the root canal system (15) . Teeth with severe pulpal involvement are endodontically treated by cleansing and shaping the canal system, followed by total obturation of that space. Once a fluid-tight seal is established, any inflammatory reaction initiated or promoted by noxious material from within the canal should cease. This allows healing of periradicular pathosis. However, if the canal is not completely cleaned and sealed, inflammation and infection may continue. It is believed that percolation of blood borne proteins and/or bacteria cause periapical inflammation due to stagnation and decomposition within the canal space.
Root canal sealers are intended to produce a fluid-tight seal when used alone or in conjunction with a core material such as gutta-percha. In order for a root canal sealer to provide an effective seal it should possess certain characteristics. Grossman (17) identified eleven requirements for the ideal root canal sealer. The root canal cement should: (1) provide an excellent seal when set; (2) produce adequate adhesion between the sealer, the canal walls, and the filling material; (3) be radiopaque; (4) be nonstaining; (5) be dimensionally stable; (6) be easily mixed and introduced into the canals; (7) Although ZnOE based root canal sealers such as Roth's 801® have withstood this test of time; dentistry is always looking for materials which will provide more effective and predictable results. RSA Roekoseal Automix has many desirable physical, chemical, and biocompatible properties related to dentistry. It is composed of polydimethylsiloxane, silicone oil, paraffin-base oil, hexachloroplatinic acid, and zirconium dioxide. Polymerization is by an addition reaction.
Polydimythylsiloxane/silicone oil has an extremely low surface tension, which provides a high flow rate (44) . Polydimethylsiloxane implants prove to be highly biocompatable, eliciting either less or similar tissue response compared to polyethylene when implanted into rats (43) . A high flow rate and low film thickness would allow RSA Roekoseal Numerous studies using various techniques have been performed to quantitatively assess the apical leakage potential of root canal filling materials. The main 6 techniques used include passive dye penetration (24, 25) , radioactive isotope penetration (1,13), electrochemical leakage tests (26, 27) , bacterial penetration (28, 29) , and scanning electron microscope analysis (30, 31) . Matloff and coworkers compared several methods of determining apical leakage and found that aqueous solutions of a dye penetrated farther into the canal than any of the isotopes. This would seem to indicate that a dye is a more sensitive indicator of leakage (45) . Also, Spalding and Senia demonstrated that entrapped air prevented complete dye penetration in an unfilled, dry canal (37) . In a review of the literature there are no studies to date, which specifically compare the apical microleakage of Roekoseal to Roth's root canal sealer.
MATERIALS AND METHODS
This in vitro experiment was modeled after a 1993 study by Rodney C. Brown, DDS. Fifty-two single-canaled teeth were obtained from the West Virginia University School of Dentistry. Only teeth with mature apices and type I canal configurations were selected for this study. The teeth were stored in 10% formalin for varying periods of time. Prior to preparation, the teeth were placed in 5.25% NaOCL for 24 hrs. to dissolve any soft tissue remaining on the root surfaces In order to minimize experimental variables in the canal preparation and obturation phases, a single operator performed all of the subsequent procedures. The crowns of these teeth were sectioned at the cemental-enamel junction using a high-speed bur and water spray. Working lengths were determined using a #10 file. One millimeter was subtracted from a length that allowed the tip of the file to reach the apical foramen.
The roots were held in a saline-moistened 2 x 2 gauze during instrumentation. Apices were machined to a #15 file 1.0 mm past the apical foramen. The canal was prepared using a step down technique with .06 taper Profiles. The master apical file (MAF) was a #6 Profile for each case. To ensure patency of the apical foramen a #15 K file was passed through the apical foramen after instrumentation was complete. NaOCL 5.25% was used as the irrigating solution for each specimen with RC Prep (Premier, King of Prussia, Pa.) to provide lubrication and smear layer removal (46) . taper gutta percha cone, cut to size #35 was inserted to working length and laterally condensed with size #25 accessory points. Excess gutta-percha was removed and the gutta-percha in the coronal third of the canal was vertically condensed with a plugger.
Cavit (ESPE America, Inc., Norristown, PA.) was placed in the access cavities and all groups were then stored in a humidor for 7 days with 100% humidity at room temperature, to allow the sealer to set. The teeth were allowed to air dry and then coated with two layers of nail varnish, except for the apical 2-3 mm. After the nail varnish was completely dry, the teeth were immersed in Higgin's India Ink #4417 (Bellwood, Illinois) in a vacuum desiccating chamber and placed under a vacuum pressure of 710 torr, where they remained under vacuum for 24 hours. The seal of the vacuum chamber was then broken and the teeth were allowed to passively stain for 4 more days. After immersion, the roots were rinsed with saline and the nail varnish was removed with a scalpel. The roots were then stored in saline to await clearing. 9 All teeth were cleared for evaluation using a technique described by Roberts (33) .
The teeth were placed in 5% nitric acid for 3 days with daily changes of solution. After rinsing in running tap water for four hours, the roots were dehydrated for 24 hours in 99.8% ethyl alcohol. Finally, the roots were stored in methyl salicylate to complete the clearing process.
In an attempt to eliminate bias, two evaluators who were unaware of the grouping measured the apical leakage. The roots were viewed using a Ziess Opmi Primo microscope at 7.5x power. Linear measurements were obtained using a Fowler Caliper with accuracy to 0.001 inches. Linear measurements were made to the nearest 0.001 inch, from the apical terminus of the gutta-percha to the most coronal extent of the India ink penetration.
RESULTS
A one way ANOVA test was used to analyze the data.
Inter-rater reliability
Interclass correlation coefficient of reliability was calculated for all teeth in each of the four groups to check for consistency between the raters. In each case, r = 0.98 or 0.99 and p < 0.001 (see Table l ). This high correlation between raters permitted calculation of an average rating for each tooth.
Leakage
Group B (ThermaFil + RSA Roekoseal Automix) displayed significantly more leakage than any of the other groups. Mean dye penetration for group B was 1.633 mm.
There was no significant difference between any of the other groups. 
DISCUSSION
The ultimate objective of root canal treatment is the total obturation of the root canal space (16 It can only be speculated that the differences in the results between this study and the Gencoglu et al study are due to variations in specimens, testing proceedures, and/or operator skill. The difference in leakage when using RSA Roekoseal Automix with operator or the possibility that the temperature of the ThermaFil Plus may adversely effect the RSA RoekoSeal Automix. Further research is needed to answer these questions.
SUMMARY
The purpose of this study was to investigate the in vitro apical microleakage of 
